Abstract OBJECTIVES: Studies have consistently shown that women have worse perioperative outcomes following mitral surgery compared with men. Few data are available that explain these divergent outcomes. This study was conducted to determine whether women with degenerative mitral valve disease present to surgery with more advanced disease than men, and to determine whether these differences influence long-term clinical outcomes.
INTRODUCTION
Women represent a large proportion of patients with coronary artery and valvular heart disease [1] [2] [3] [4] [5] [6] . Although these diseases are equally prevalent in men and women, women often have lower rates of surgical intervention compared with men [5, 6] . Furthermore, outcomes following cardiac surgery tend to be worse for women [6] [7] [8] [9] . The reasons for these divergent outcomes remain unclear, although among patients with coronary ischaemia, women often present with atypical symptoms and tend to be referred for diagnostic catheterization and surgery later than men [7, 9] .
Women also have poorer early and late survival following valve surgery compared with men [8, 9] . This applies to the subset of patients who undergo mitral repair or replacement [10] . Retrospective studies suggest that women who undergo mitral surgery have higher rates of congestive heart failure and other comorbidities that may increase risk [11] [12] [13] .
However, there remain many unanswered questions pertaining to the performance of women following mitral valve repair. Studies performed to date have involved patients following repair of mitral valve disease due to different aetiologies. As such, it remains unclear if mitral repair rates and long-term performance are confounded by the sequelae of ischaemic or inflammatory disease. Although survival is well reported, freedom from recurrent mitral regurgitation (MR) following mitral repair is not [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . These data are particularly useful since mitral valve repair is increasingly performed due to the known survival and other benefits over valve replacement [14] [15] [16] .
We, therefore, performed a cohort study involving 743 patients who underwent repair of MR due to myxomatous degeneration. Our objectives were to compare male and female patients in regard to: (i) patient characteristics and (ii) outcomes following mitral valve repair namely survival and freedom from recurrent MR.
MATERIALS AND METHODS

Patient population and follow-up
Between 2001 and 2014, 743 patients underwent repair of severe MR due to myxomatous degeneration at the University of Ottawa Heart Institute. Of these, 208 (28%) were females. The mean age of patients in this study was 64.1 ± 12.7 years and 103 (14%) underwent concomitant coronary artery bypass grafting (CABG) ( Table 1) . Approval was obtained from our institutional human research ethics board to analyse these data.
In all patients, MR >1+ and a mean mitral gradient of >5 mmHg, determined intraoperatively via transoesophageal echocardiography, were indications for further mitral valve intervention at the time of the index operation. If re-repair was required and resulted in residual MR >1+ or a mean mitral gradient of >5 mmHg, conversion to mitral valve replacement was employed.
Patients were assessed regularly in a dedicated clinic or via telephone assessment. Clinic visits consisted of a history and physical examination, electrocardiogram, chest radiograph, complete blood count, serum chemistries and international normalized ratio (when applicable). Echocardiographic assessments were also performed at regular postoperative intervals. The mean follow-up was 3.1 ± 2.8 years, and was complete for all patients.
A total of 1729 postoperative echocardiograms were available for these 743 patients at a mean of 3.0 ± 2.8 years. All patients had at least one postoperative echocardiogram, with 468 (63%) patients having ≥3 assessments. One hundred and thirty-six (18%) had five or more postoperative echocardiograms. Echocardiographic follow-up for women was 2.9 ± 2.8 years and for men, it was 3.0 ± 2.8 years (P = 0.8).
Statistical analyses
Data were imported and analysed in Stata 14.0 (College Station, TX, USA). Male and female patients were compared according to preoperative, operative and echocardiographic parameters. Continuous data are described as mean ± standard deviation and compared with a Kruskal-Wallis analysis of variance. A χ 2 or Fisher's exact test was used for categorical variables, whereas a one-way analysis of variance was used for continuous variables.
Long-term survival and freedom from recurrent MR were assessed with a Kaplan-Meier analysis. Risk factors associated with survival or freedom from recurrent MR were determined with separate cox proportional hazards models and verified with Schoenfeld residuals [17] . Specifically, the P-value for the global test of the proportional hazards assumption for survival and recurrent MR was 0.2 and 0.2, respectively. Logistic regression was used to determine the risk factors associated with mitral leaflet/annular calcification at the time of mitral repair. Table 1 , female patients were older and had a smaller body surface area compared with male patients. However, there was no difference between groups in regard to their degree of preoperative LV dysfunction or Society of Thoracic Surgeons (STS) risk score.
RESULTS
As described in
Compared with men, women presented to surgery with cardiac chamber enlargement and pulmonary hypertension.
The average indexed LA diameter for women was 27.9 ± 5.7 mm/m 2 compared with 25.3 ± 4.7 mm/m 2 for men, P = 0.0001. Notably, women also had a larger indexed left ventricle endsystolic dimension (LVESD) compared with men (20.6 ± 5.5 vs 18.7 ± 5.1 mm/m 2 , P = 0.028). Preoperative right ventricular systolic pressure was also greater in women (44.4 ± 14.4 vs 41.7 ± 13.3 mmHg, P = 0.026).
Women had more extensive mitral leaflet prolapse and calcification compared with men at the time of myxomatous degeneration repair.
As illustrated in Table 2 , women had more extensive anterior leaflet prolapse compared with men. In particular, 18% of women had prolapse of the lateral portion of the anterior leaflet compared with 11% in men (P = 0.009). Women had a higher incidence of anterior leaflet prolapse involving two or more scallops (7 vs 3%, P = 0.03). Thirty-five percent of women had prolapse involving the lateral portion of the posterior leaflet compared with 25% in men (P = 0.01). In addition, there was a trend towards a greater degree of posterior leaflet prolapse involving multiple scallops and bileaflet prolapse in women than in men. Overall, bileaflet prolapse was observed in 293 (39%). Interestingly, posterior leaflet flail was also more common in women than in men (14/ 208 vs 86/535, P = 0.001).
Mitral leaflet calcification was also more common in women (Table 2) . Although the overall incidence of leaflet calcification was low, women had more extensive calcification involving the lateral portion of the posterior leaflet and medial portion of the anterior leaflet. Calcification of the mitral annulus was more common than leaflet calcification. Mitral annular calcification was observed in 67 (32%) women, but only in 107 (20%) men (P < 0.001). Annular calcification extending beyond the circumference of two leaflet scallops was observed in 41 (20%) women and 54 (10%) men (P < 0.001).
Men and women in this cohort had similar surgical characteristics. Not surprisingly, women received a smaller annuloplasty band than men at the time of surgery (Table 3) . Notably, men were more likely than women to have remnant chordae suitable for in situ transfer (23 vs 16%, P = 0.04) ( Table 3 ). There were, however, no differences in the use of the edge-to-edge repair technique or artificial neochordae according to gender. In this patient population, women were less likely to undergo concomitant CABG (9 vs 16%, P = 0.02), but more likely to undergo concomitant tricuspid repair (16 vs 11%, P = 0.05) compared with men. During this time period, 26 patients with myxomatous degeneration underwent intraoperative conversion to mitral valve replacement. Of these, 9 (4%) were women and 17 (3%) were men.
There was no difference in survival following mitral valve repair between men and women, although recurrent MR ≥2+ was more likely in women.
Overall, perioperative mortality was 0.1% and not different between groups (P = 0.5) ( Table 3 ). The lone perioperative death occurred in a male patient 2 weeks following surgery. Figure 1 depicts the long-term survival of our population separated according to gender. Overall actuarial survival was 76.0 ± 3.3% at 8 years and similar between groups (P = 0.9). After adjusting for differences between men and women, age was the only predictor of long-term survival [odds ratio (OR): 1.11 per increasing year, 95% confidence interval (CI): 1.06-1.16, P < 0.001) ( Table 4) .
Over the course of follow-up, 5.3% of men and 8.4% of women were found to have at least moderate postoperative MR. Freedom from recurrent MR ≥2+ was 88.9 ± 1.9% at 8 years for the entire cohort (Fig. 2) . Women, however, were more likely to develop recurrent MR compared with men (freedom from recurrent MR ≥2+ was 90.5 ± 2.1% in men vs 84.7 ± 2.2% in women, P = 0.03). Importantly, recurrent severe MR was rare in this population. Twelve patients (1.6%) had 3-4+ MR over the course of follow-up. Of these, reoperative mitral valve surgery was subsequently performed in 5, of which 2 occurred in men and 3 in women.
The development of recurrent MR ≥2+ following repair of myxomatous degeneration was related to mitral leaflet and annular calcification, which was more common in women.
Older age at operation was associated with recurrent MR ≥2+ upon adjusted analysis (OR: 1.05, 95% CI: 1.02-1.10, P < 0.001). Importantly, women were more likely to develop recurrent MR 
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≥2+ over the course of follow-up even after adjusting for patient differences (Table 4 ). This observation appeared to be driven by the degree of anterior (OR: 3.1, 95% CI: 1.6-5.8, P = 0.001) and posterior leaflet/annular calcification (OR: 2.2, 95% CI: 1.3-3.7, P = 0.004), which was more common in women and associated with repair failure. Notably, the extent of prolapse, whether bileaflet or involving multiple anterior or posterior leaflet scallops, was not associated with recurrent MR (all P > 0.28).
DISCUSSION
In this study, we compared men and women in a cohort of patients who underwent repair of MR due to myxomatous degeneration. Overall, women presented to surgery with more advanced disease than men. This was evident by the fact that women had larger indexed LA and LVESD dimensions than men. Preoperative pulmonary artery pressures were also greater in women. Mechanistically, women had more extensive anterior leaflet prolapse and the incidence of mitral leaflet and annular calcification was greater in women than in men. The observation that women present to surgery with more advanced disease involving their mitral valve shares similarities with regard to the management of coronary artery disease [8, 9] . Women with ischaemic heart disease present with atypical symptoms, which may explain delays in cardiac catheterization and surgery [8, 9] . Whether women are less likely to seek medical attention for their MR symptoms or those women develop symptoms with more severe MR remains unclear. However, data suggest that in spite of the equal prevalence of degenerative MR between men and women, surgery is more often performed in men [3] . Others have also found that following the diagnosis of mitral valve prolapse, women are less likely to proceed towards mitral surgery after correcting for the degree of MR [18] .
Most notably, women in this study were more likely than men to develop recurrent MR over the course of follow-up. To the best of our knowledge, this has not been previously reported although data from the STS registry demonstrate that repair rates and perioperative survival are worse for women undergoing mitral valve surgery [14, 19] . More extensive leaflet prolapse and annular calcification are well-established risk factors for failed mitral valve repair [10] [11] [12] [13] [14] [15] [16] . Although the rate of intraoperative conversion to replacement in this study was similar between men and women, the presence of more complex mitral pathology explains to some degree the finding of more recurrent MR in women. It is also important to note that in situ chordal transfer was less commonly performed in women owing to the lack of durable and healthy neochordae. Nevertheless, the majority of recurrent MR events were in the moderate range of severity as the incidence of recurrent severe MR was low, which may explain the lack of survival difference according to gender [18] .
The anatomic differences between men and women in this series appear, however, to be concordant with other published work. In a large cohort study from the Mayo Clinic, women were found to have more mitral leaflet thickening than men [18] . Also, men were more likely than women to present with isolated posterior leaflet prolapse [18] . The physiological basis for these anatomic differences is thought to be related to differences in matrix remodelling, which is less extensive in patients with limited segment flail than in individuals with extensive myxomatous degeneration [20, 21] . Interestingly, these differences do not appear to be related to patient age, but rather gender-related given data suggesting an X-linked basis for mitral valve prolapse [22] . And in this series, the development of recurrent MR was more likely in women even after correcting for differences in patient age. Nevertheless, the physiological differences in mitral pathology between men and women remain incompletely understood, and as a consequence of this, the prediction of long-term results following mitral repair based on gender remains challenging.
Limitations
This is a non-randomized population analysis of patients who underwent surgery at our centre, and may not be reflective of patients treated at other centres. No data pertaining to the duration of follow-up from the time of diagnosis until surgery are presented. Patients in this study underwent surgery for the correction of severe MR due to myxomatous degeneration; therefore, conclusions from this study cannot be extrapolated to patients who undergo correction of MR due to other aetiologies or for less than severe regurgitation. Since the incidence of recurrent MR was low in this series, conclusions regarding the temporal impact of early regurgitation on more severe late MR cannot be made.
CONCLUSIONS
Women with degenerative mitral valve disease often present to surgery with echocardiographic markers suggestive of more advanced disease. Women are also more likely than men to have mitral leaflet and annular calcification, in addition to more extensive prolapse. Survival following repair of MR due to myxomatous degeneration is not influenced by gender, although women are more likely to develop recurrent MR over the course of follow-up. Therefore, early surgical referral of female patients with degenerative disease may be advised.
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